ABSTRACT A total of 64 neonatal pigs was used in an experiment to study the effect of L-carnitine and soybean oil on pig performance and N and energy utilization. Pigs were weaned at an average of 3 d of age and individually fed diets that contained dextrose, corn syrup solids, and isolated soy protein for 21 d. Two levels of soybean oil (1.18 or 12.31%) and Lcarnitine ( 0 or 800 ppm) were used in a factorial arrangement of treatments. Diets were formulated to contain the same nutrient content per megacalorie of ME. Total fecal and urine collections were made from d 17 to 21 of the experiment. Pigs were paired within treatments on d 21 and housed in pens until d 63. Lcarnitine was lowered to 750 ppm and the soybean oil additions were 1.15 or 13.22% from d 21 to 42 and 2.17 or 14.74% from d 42 to 63. Soybean meal replaced isolated soy protein from d 42 to 63. Analysis of covariance was used with calculated ME intake per day as the covariate. There were no carnitine x soybean oil interactions ( P > .05) for any criteria measured. L-carnitine or soybean oil did not ( P > .05) affect ADG, grams of gain per megacalorie of ME, ME as a percentage of GE or N retained as a percentage of N consumed. In conclusion, L-carnitine did not improve the utilization of ME in diets that contained high additions of soybean oil, and calories from soybean oil were utilized as effectively as calories from carbohydrate by neonatal and young pigs.
carnitine, which requires lysine and methionine as precursors, is adequate in healthy adult humans but may be insufficient in neonates fed soy protein-based formulas (Borum et al., 1979; Warshaw and Curry, 1980; Borum, 1981 , Novak et al., 1983 . Most soy protein-based infant formulas contain added L-carnitine (Harwood and McCabe, 1988) . It is unknown whether the neonatal pig fed a soy protein-based diet requires dietary supplementation of L-carnitine, a more effective isomer than D-carnitine (Rebouche, 1983) .
This research was conducted to determine whether the addition of L-carnitine to a soy protein-based diet that contained soybean oil would improve performance and N and energy utilization by neonatal pigs and performance of young pigs.
Materials and Methods
A total of 64 crossbred barrows (Yorkshire x Landrace x Duroc) that averaged 3 d of age and 2.0 kg BW was weaned, allotted by litter and weight, and used in two identical trials of 32 pigs each. Pigs were castrated and administered 200 mg of iron as iron dextran at 2 d of age. The experiment consisted of three consecutive 21-d phases. The four treatments were the combination of two levels of carnitine and two levels of crude soybean oil in a factorial arrangement (Table 1 ). The dietary concentrations of added L-carnitine used in this experiment were within the range of values reported for raw skeletal muscle (Mitchell, 1978) , an excellent dietary source of carnitine. Soybean oil, a good source of long-chain fatty acids (65.7% linoleic acid), was added at a sufficiently high concentration to challenge the essentiality of providing a dietary source of L-carnitine for transport of long-chain fatty acids into the mitochondria for /3 oxidation (Broquist, 1982; Borum, 1983) . Daily rations were initially formulated on a daily nutrient intake basis (NRC, 1988 ) before conversion to a percentage composition basis. The high-and lowoil diets within phases were formulated to contain the same nutrient content per kilocalorie of ME (ME on a calculated basis; NRC, 1988) . The milligrams of lysine per kilocalorie of ME were 5.2, 5.0, and 4.6 for the diets in Phases 1, 2, and 3, respectively. Vitamins and trace minerals were added at approximately two times the NRC ( 19 8 8 ) requirement.
The only sources of protein were isolated soybean protein in Phases 1 and 2 and soybean meal in Phase 3. The isolated soy protein and soybean meal were analyzed for N by AOAC (1984) and for amino acids according to Benson and Patterson ( 197 11, with duplicate analyses on each sample. Before amino acid analyses by automated cation exchange chromatography, samples were hydrolyzed under N with 6 N HC1 for 4 h at 145"C, except for tryptophan, which was done by enzymatic hydrolysis and determined colorimetrically (Spies and Chambers, 1949) . When analyzed for cystine and methionine, performic acid oxidation preceded the hydrolysis step (Moore, 1963) . aL-carnitine (Lonza, Fair Lawn, N J ) was added to the two basal diets at 800 ppm in Phase 1 and 750 ppm in Phases 2 and 3 that produced a 2 x 2 factorial arrangement of the treatments. All diets contained 165 mg of oxytetracycline and 165 mg of neomycin base per kilogram.
bPurine Protein 620, Ralston Purina, St. Louis, MO. Wetabolizable energy was calculated.
The diets were analyzed for GE with an isoperibol calorimeter (Parr Instrument, Moline, IL).
In Phase 1 ( d 0 to 21) of the experiment, the pigs were placed in individual stainless steel metabolism cages. Temperature averaged 33, 32, and 31 f 1°C during wk 1 to 3, respectively. Humidity ranged from 55 to 60%. The diets in Phase 1 contained 0 or 800 ppm of L-carnitine and 1.18 or 12.31% crude soybean oil in a factorial arrangement. Each diet was mixed in a blender and fed in a slurry form (two parts water to one part diet) every 3 h from 0800 to 2300 daily. Pigs within energy level (1.18 or 12.31% of soybean oil) were fed the same amount of diet daily based on the appetite of the majority of the pigs in the group. Diets were mixed at 0800 and 1700 daily and stored at 4°C between feedings. Diet consumption by each pig was recorded daily and the pigs were weighed weekly.
Total fecal and urine collections were made twice daily from individual pigs during d 17 to 21 of Phase 1 for GE and N analyses (AOAC, 1984) . Urine was collected in plastic containers that contained 5.0 mL of xylene and 5.0 mL of 6 N HC1 to prevent energy and N loss. Urine volume was recorded, the xylene was removed, and the sample was frozen pending analysis. A 50-mL urine sample was mixed with 2.0 g of cellulose (Solka Floc, R. James River, Berlin, NH) and freeze-dried before analysis for GE. The GE value of the cellulose was subtracted from the urinecellulose mixture to obtain the GE value of the urine. Fecal samples were air-dried at 50°C, ground through a 5 m m screen, and frozen in plastic containers until they were analyzed.
During Phases 2 and 3 the pigs were paired within treatments and placed in pens in an environmentally regulated facility ( 2 1 f 2°C). Each pen was equipped with a hut ( . B l , .61, and .76 m in width, depth, and height, respectively) that was enclosed on all sides except the front. A heat lamp was fured into the top of the hut. Diets were fed in meal form at 0800, 1200, 1600, and 2000. Pigs within energy level were fed the same amount of diet daily based on the appetite of the majority of the pigs in the group. Pigs had ad libitum access to water. Phase 2 diets contained 0 or 750 ppm of L-carnitine and 1.15 or 13.22% crude soybean oil. Phase 3 diets contained 0 or 750 ppm of L-carnitine and 2.17 or 14.74% crude soybean oil. Diet consumption was recorded for each pig daily and the pigs were weighed weekly.
All data were analyzed by analysis of covariance using ME intake per day (calculated basis) as the covariate (Snedecor and Cochran, 1980 ) using procedures described by SAS (1979). Dietary treatments were arranged in a 2 x 2 factorial, with two levels each of L-carnitine and crude soybean oil. The statistical model included 1 df each for trial, carnitine, soybean oil, and the interactions. Experimental units were individual pigs in Phase 1 and pairs of pigs in Phases 2 and 3.
Results and Discussion
Actual and adjusted nutrient intakes per day were similar for the carnitine main effect treatments (Table 2) . However, pigs fed the high soybean oil diet consumed more nutrients per day than pigs fed the low soybean oil diets. Because the diets that contained low and high levels of crude soybean oil were formulated to provide the same amount of nutrients per kilocalorie of ME on a calculated basis, these data were corrected by covariate analysis using calculated ME intake per day as the covariate. There were no treatment x trial nor carnitine x soybean oil interactions ( P > .05) for any of the variables measured.
Thus, covariate main effect means are presented in tabular form. aCovariate analysis was used to adjust all data to an equal ME intake (calculated basis) across treatments. Adjusted feed intakes used in the data analyses are presented in Table 2 .
bicSoybean oil means in the same row with unlike superscripts differ ( P < ,011.
L-Carnitine
The addition of 800 ppm of L-carnitine in Phase 1 did not affect ( P > . l o ) any performance criteria measured, including ADG, gain:feed ratio, and gain per megacalorie of ME, from d 0 to 7, 7 to 14, 14 t o 21, or 0 to 21 of the experiment (Table 3 ). As in Phase 1, the addition of 750 ppm of L-carnitine in Phases 2 and 3 did not ( P > .lo) affect ADG, gain:feed ratio, or gain per megacalorie of ME from d 21 to 42, 42 to 63, or 21 to 63 (Table 4 ). Apparent energy and N balance from d 17 to 21 of the experiment indicated that the addition of 800 ppm of L-carnitine did not affect ( P > .05) DE or ME as percentages of the GE consumed per day (Table 5 ) .
Also, N digestibility and N retention expressed as a percentage of N absorbed or consumed were not affected ( P > .05) by L-carnitine.
Because plant products contain little or no carnitine (Mitchell, 1978; Borum, 1983) , and the biosynthesis of carnitine seems to be lower in neonates than in adults (Borum et al., 1979; Borum, 1981) , we hypothesized that the addition of L-carnitine to a soy protein-based diet that contained a high level of crude soybean oil would improve the growth performance and nutrient utilization by neonatal and young pigs. Weeden et al. (1990) suggested that dietary Lcarnitine may improve soybean oil utilization by the growing pig.
However, the results obtained in this experiment indicate that a dietary source of L-carnitine is not required for either the neonatal or the young pig fed a soy protein-based diet that contained a high level of crude soybean oil. This suggests that the biosynthesis of carnitine by neonatal and growing pigs is adequate for growth performance and nutrient utilization even when the diets contain high concentrations of crude soybean oil.
These results are in agreement with the report by Ewan (1987) that the addition of 700 ppm of Lcarnitine to diets fed to pigs weaned at 22 d did not ( P > . 0 5 ) improve performance. Other studies on the addition of L-carnitine to weanling pig diets have produced inconclusive results (Newton and Haydon, 1987; Weeden et al., 1990 Weeden et al., , 1991 . Tsai et al. (1974) concluded that the small amount of dietary methionine needed for the synthesis of carnitine by the growing rat would make it difficult to demonstrate a growth response with supplemental carnitine. Also, feeding lysine-deficient diets to growing rats (Borum and Broquist, 1977) or pregnant and lactating rats (Davis, 1990) did not depress tissue carnitine concentrations compared with controls fed diets adequate in lysine.
Crude Soybean Oil
During Phase 1 (Table 3) , pigs fed the diets that contained the high concentration of soybean oil (1 2.3 1 %) had higher ( P < .O 1) gain:feed ratios from d 14 to 21 and 0 to 21, although the dietary concentration of soybean oil did not ( P > , l o ) affect ADG or gain aCovariate analysis was used to adjust all data to an equal ME intake (calculated basis) across treatments. Adjusted feed intakes used in the data analysis are presented in Table 2 .
bLow and high concentrations of crude soybean oil, respectively, were 1.15 and 13.22% from d 21 to 42 and 2.17 and 14.74% from d 42 to 63.
CsdSoybean oil means in the same row with unlike superscripts differ ( P < .05).
e&oybean oil means in the same row with unlike superscripts differ ( P < .lo).
per megacalorie of ME from d 0 to 7, 7 to 14, 14 to 21, or 0 to 21 of the experiment. These results indicate that pigs utilized calories from a diet that contained a high concentration of crude soybean oil as effectively as carbohydrate calories starting at 3 d of age and continuing through each successive 7-d period to 24 d of age. Pigs fed the high-fat diets actually consumed more total nutrients daily from d 7 to the end of the experiment (Table 21 , which required covariate analysis of the data. During Phases 2 and 3 (Table 4 ) the high concentrations of crude soybean oil (13.22 and 14.74% for Phases 2 and 3, respectively) increased the (Table 5 ) indicated that DE as a percentage of GE was higher ( P < .05) for the low soybean oil group than for the high soybean oil group, whereas ME as a percentage of GE was similar ( P > .05) for both groups. Concentration of soybean oil in the diet did not ( P > .05) affect N digestibility or N retention. The lack of a detrimental effect of soybean oil on N utilization from 20 to 24 d of age in the present experiment differs from data reported by Cera et al. (19881, in which 6% added corn oil reduced N retention by pigs from 23 to 28 d of age. Nitrogen retained as a percentage of N consumed was higher in the present experiment than in the experiments with weanling pigs conducted by Cera et al. (1988) .
The present results with baby pigs are in agreement with the reports that weanling pigs can utilize fat calories from corn oil (Allee et al., 1971) or corn oil and peanut oil (Cline et al., 1977) as effectively as carbohydrate calories. Other investigators have found that the addition of various fat sources to diets for weanling pigs does not improve performance the first 2 wk postweaning, but does improve ( P < .05) ADG and gain:feed ratio during the next 3-wk period (Cera et al., 1990; Li et al., 1990; Tokach et al., 1990; Mahan, 19911 , which seems to be related to an increase in apparent fat digestibility from wk 1 to 4 postweaning (Cera et al., 1989) .
Performance and nutrient utilization by the neonatal pigs in this experiment was comparable to that obtained in other experiments in which neonatal pigs were reared artificially (Veum and Mateo, 1986; .
Implications
The addition of L-carnitine to soy protein-based diets that contained crude soybean oil did not ( P > . l o ) improve performance of neonatal and young pigs nor metabolizable energy or N utilization by neonatal pigs. Also, neonatal and young pigs fed diets that contained high concentrations of crude soybean oil had gains per megacalorie of metabolizable energy similar t o pigs fed diets with low concentrations of soybean oil.
Soybean oil did not ( P > .lo) affect metabolizable energy or N utilization by neonatal pigs.
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